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(54) System and method for minimizing slag carryover during the tapping of a BOF converter in 
the production of steel 



(57) A system and method for detecting molten slag 
in a tap stream between a steel making basic oxygen 
furnace (BOF) and corresponding ladle. BOFs are used 
in the manufacture of steel. An infrared (IR) imaging or 
detecting device is used to image/view the BOF-to-ladle 
tap stream, the stream transmitting energy indicative of 
whether molten steel and/or slag is in the stream at a 
given time. The imaging device uses mainly long IR 
wavelengths (e.g. wavelengths of from about 8 to 14 



RG.1 



\xm) when imaging the molten tap stream, because 
these wavelengths are less susceptible to being blocked 
or absorbed by airborne gases and particles frequently 
found in BOF environments. In certain embodiments, all 
IR wavelengths other than those greater than about 8 
jim are filtered out and are not used to detect slag in the 
tap stream. 







STEajl 


L 








Q. 
LU 



Primed by Xerox (UK) Business Services 

2.16.7/ae 



BNSDOaO: <EP 0922774 A 1J_> 



1 



EP 0 922 774 A1 



2 



Description 

[0001 ] This invention relates to a system and method 
for minimizing slag carryover while tapping a basic oxy- 
gen furnace (BOF) converter during the produc- 
tion/manufacture of steel. More particularly, this 
invention relates to the use of an infrared (IR) imaging 
detector in the far IR range (i.e. using long wavelengths) 
to detect the presence of slag in a tap stream during the 
tapping of a BOF converter. 

BACKGROUND OF THE INVENTION 

[0002] AJong-standing problemjn the steel making 
industry has been the ability to control or minimize the 
carryover of slag during the tapping of a BOF converter. 
Tapping is the pouring of molten metal from a BOF con- 
verter into a corresponding ladle, with the metal flowing 
from the converter through a taphole defined therein. 
[0003] During the manufacture of steel, molten iron 
(known as hot metal) having impurities (e.g. C, Si, Mn, 
S, P, etc.) therein is typically introduced into a converter 
vessel known as a basic oxygen furnace (BOF)r In the 
BOF converter, gaseous oxygen (0 2 ) is injected or jet- 
ted onto the hot metal in order to remove the impurities 
to desirable levels. During this purification process, 
fluxes such as lime (Cao) and MgO are added into the 
furnace and combine with oxides such as Si0 2 , MnO, 
and FeO formed during the oxidation process to form 
molten "slag" in the converter. This slag floats on top of 
the molten steel in the BOF converter, because the 
slag's density is less than that of the molten steel. 
[0004] After the oxygen is introduced into the BOF 
converter for an extended period of time (e.g. from 
about 16-25 minutes depending upon the volume of the 
BOF converter, the amount of molten iron therein, and 
the grade of the steel to be made) and the molten slag 
and steel have formed, the converter vessel is tilted and 
tapped. During tapping, molten steel is poured from a 
taphole in the side of the BOF converter into a ladle 
located below same. It is during this tapping that unde- 
sirable slag carryover can occur. 
[0005] When the BOF converter vessel is properly 
tapped, a small amount of carryover may occur at the 
beginning of tapping, but the slag carryover of most con- 
cern occurs at the end of tapping when most of the sub- 
stantially purified molten steel has already been poured 
into the ladle below, and mostly slag (instead of mostly 
steel) remains in the BOF converter. When a typical 
BOF converter is tilted to a pouring position for tapping, 
the molten steel is poured from the taphole located in 
the side of the converter before the slag is poured, due 
to the different densities of the two molten materials. If 
the operator(s) tapping the converter does not stop tap- 
ping (or pouring) at about the precise instant when the 
molten slag begins to flow through the taphole, the 
undesirable molten slag is also poured into the ladle 
below on top of the already poured molten steel. When 



too much slag is poured into the ladle from the BOF 
converter, this affects the cleanliness and reintroduces 
impurities such as phosphorus (P) into the steel, 
adversely affects the aluminum efficiency during tap, 

s and prevents certain grades of steel from being made. 
Any attempt to remove or minimize the effect of excess 
slag poured into the ladle is expensive, time-consuming, 
and/or labor intensive. For example, if too much slag is 
accidentally poured into the ladle, hundreds of dollars 

10 worth of alumina or other slag modifier(s) may have to 
be added to the molten ladle slag to try to minimize the 
levels of FeO and other unstable oxides in the slag. In 
sum, minimizing slag carryover from the BOF converter 
into the ladle is essential for efficient manufacturing of 

is high quality steel. 

[0006] Many techniques have been used in an effort 
to control the carryover of slag during the tapping of 
BOF converters. For example, see Slag Carryover in 
Oxygen Converters: an International Review, by Da 

20 Silva, Bergman, and Lindfors [pp. 91 -95], the disclosure 
of which is hereby incorporated herein by reference. In 
this review, numerous methods for controlling the carry- 
over of slag during BOF converter tapping are dis- 
cussed. For example, it is known to use refractory plugs, 

25 metallic plugs, wooden plugs, fiber plugs, gunned clay, 
dart-shaped floating elements, and ball-shaped floating 
elements in an attempt to control or minimize slag car- 
ryover. 

[0007] Certain known techniques result in the inter- 

30 ruption of the metal pour or tap stream from the con- 
verter near the end of tapping in order to minimize slag 
carryover. Dart-shaped and ball-shaped floating ele- 
ments are often used for this purpose. In Figures 4 and 
5 of the above-referenced article, the often unsatisfac- 

35 tory results associated with these conventional methods 
are illustrated. For example, dart- and ball-shaped float- 
ing elements are known to be unsuccessful when the 
slag is thick or viscous, and it has been found that the 
positioning of these floating elements inside the con- 

40 verter is both difficult and critical. The structure of the 
taphole also affects the effectiveness of these types of 
floating elements. As discussed in the article, some 
steel plants have reported that the balls sometimes 
dose the taphole too early, which results in the leaving 

45 of purified molten steel (affecting yield) in the converter 
or extending the tap time (this is both expensive and 
inefficient). Accordingly, it is known in the art that while 
floating elements may help to minimize slag carryover, 
they are often inefficient and the results are unpredicta- 

so ble. Still further, both bails and darts are undesirably 
expensive. 

[0008] Despite the fact that so many slag carryover 
prevention techniques are known, it is stated at the con- 
clusion of the above-referenced article that "none of the 
55 methods in use today can be considered to be of univer- 
sal application, since each has its limitations and can 
only reach the expected results if specific conditions 
exists." In other words, there has existed a longstanding 
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need in the art for a system and corresponding method 
for minimizing the carryover of slag during the tapping of 
BOF converters, which is usable in different environ- 
ments by operators of different skill levels. No known 
technique has, to date, been found to be satisfactory in 5 
all commercial steel-making environments because 
many techniques are not considered to be efficient 
enough and others are too expensive for use with ordi- 
nary steel grades. 

[0009] In view of the inefficiency and non-effective- 
ness of known BOF slag carryover prevention methods, 
many steel plants simply rely upon operators to visually 
detect when the slag portion of tapping is reached. 
Unfortunately, this method of slag carryover prevention 
is inefficient at best, as it is nearly impossible for most 
humans to visually observe any visible difference 
between purified molten steel being poured from the 
converter taphole and molten slag being poured from 
the taphole (both are molten and yellow to white-hot]. 
[0010] U.S. Patent No. 4,222,506 discloses another 
method for controlling slag carryover, primarily directed 
toward detecting slag in a pour from a ladle into a 
tundish. In the '506 patent, an infrared (I R) camera 
looks at the molten metal being poured and attempts to 
detect the presence of slag therein. Unfortunately, it has 
been found that the system disclosed in the '506 patent 
is inefficient and is incapable of easily, satisfactorily, and 
consistently detecting BOF-to-ladle slag in steel mill 
environments. In column 2 of the '506 patent, an emis- 
sivity value of about 0.28 is mentioned. As can be seen 
below, this emissivity value may indicate that short IR 
wavelengths in the short-IR region (i.e. at approximately 
3-5 \im) are being measured by the camera in the '506 
patent in order to detect slag. However, it is important to 
note that the '506 patent does not recognize or appreci- 
ate any importance to any potential wavelength. It has 
been found that utilizing short IR wavelengths in this 
range is insufficient to efficiently detect the tapping of 
slag in BOF-to-ladle steel mill environments. Accord- 
ingly, the '506 patent suffers from at least the following 
problems. 

[001 1 ] First, the environment within which a BOF con- 
verter is tapped so as to allow molten steel to flow into a 
ladle often includes much more airborne dust, smoke, 
gases, and particulate matter than iadle-to-tundish envi- 
ronments. During BOF converter tapping, much smoke, 
gas, and particulate matter is typically emitted into the 
air surrounding the tap stream. This, at times, makes it 
very difficult for humans to view the tap stream through 
the smoke, gases, and other airborne particulate mat- 
ter. Airborne particulate matter can block radiation, with 
wavelengths smaller than the size of the particle(s). In 
the BOF environment, the size of the particles is such 
that the long wavelengths of radiation are most likely 
able to reach an I R camera. Smaller wavelengths on the 
other hand will often be blocked. Because short (near) 
IR wavelengths, including those in the range indicated 
by the '506 patent, are susceptible to being blocked by 



dust and other airborne particulate matter, the system 
of the *506 patent at times is unable to accurately differ- 
entiate between slag and steel during tapping. 
[001 2]„ Second, the_gases emitted during BOF-to-ladle 
tapping also have an adverse effect upon the IR wave- 
lengths indicated by the '506 system. As will be dis- 
cussed herein, gases such as C0 2 and H 2 0 emitted 
proximate the tap stream in BOF environments absorb 
certain IR wavelengths, notably those in the 3-5 \im 
range (e.g. at about 4.2 urn). Thus, in BOF environ- 
ments, the wavelengths used in the '506 patent often 
cannot be seen by the I R camera. This is yet another 
problem, because, without seeing these wavelengths, 
the image is unclear and the '506 camera may not be 
able to differentiate between slag and steel during tap- 
ping. 

[001 3] A third problem with the slag detection system 
of the '506 patent is that it appears to be positioned 
rather close to the molten tap stream being poured from 
the ladle into the tundish. It has been found by the 
instant inventors that the positioning of an IR camera in 
close proximity to a tap stream sometimes results in 
less than satisfactory tap stream slag readings due to 
the high temperature background surrounding the tap 
stream in BOF environments. When aiming the camera 
at the mouth of the ladle, the background is undesirably 
bright slag in the ladle, and this tends to affect the clarity 
of the image, Because of the appearance of a "hot" 
background, it may be difficult to differentiate between 
slag and steel in the '506 patent. 
[001 4] In view of the above, it is clear that the system 
of the '506 patent is less than desirable in BOF environ- 
ments for many reasons. This is believed to be a result 
of the '506 patent being primarily designed for detecting 
the presence of slag in a ladle-to-tundish environment, 
as opposed to a BOF-to-ladle environment where many 
more gases and other airborne particulate matter are 
present. It is noted, however, that the '506 patent does 
discuss and illustrate that it is also possible to use it in 
the work of a converter into a ladle. 
[0015] Still another approach used by many in the 
trade to minimize slag carryover in BOF environments is 
the positioning of electromagnetic coils on BOF con- 
verter tapholes. By monitoring such a coil(s), it is possi- 
ble to determine when slag is beginning to flow through 
the corresponding taphole. Upon the coil detecting slag, 
the taphole may be closed or the converter may be 
tipped upward to stop tapping. Unfortunately, electro- 
magnetic coils are problematic in that they are posi- 
tioned within the converter, and often break down or fail 
rather frequently. Another problem with coils is that they 
produce only an alarm, while the melter (i.e. operator) is 
still looking at the tap stream to make sure that slag is 
being poured before stopping tap. With slag splashing, 
converters operate for months and months at a time 
through many heats (e.g. up to about 20,000 heats or 
for up to one and one half years). Thus, if the coil in the 
taphole fails, there is no way to replace or perform main- 
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tenance on it without stopping BOF operation. In all 
practicality, there can be no new coil untij the next BOF 
refractory relining. This is highly undesirable, reduces 
yields, cuts down on efficiency, and quickly becomes 
rather expensive. 

[0016] It is apparent from the above that there exists 
a need in the art for a system and method for minimizing 
the carryover of slag during the tapping of a BOF con- 
verter in the manufacture of steel, wherein the sys- 
tem/method improves reliability relative to prior art 
techniques, has a higher success rate than prior art 
techniques, results in improved slag detection, and 
reduces maintenance costs relative to known tech- 
niques. 

[0017] It is a purpose of this invention to fulfill the 
above-described needs in the art, as well as other 
needs which will become apparent to the skilled artisan 
from the following detailed description of this invention. 

SUMMARY OF THE INVENTION 

[0018] Generally speaking, this invention fulfills the 
above-described needs in the art by providing a method 
of detecting slag during tapping of a BOF converter in 
the manufacture of steel, the method comprising the 
steps of: 

providing a BOF converter for housing molten 
metal, and introducing oxygen into the converter in 
order to form slag therein; 

providing a ladle into which the molten metal from 
the BOF converter flows; 

tapping the BOF converter so that a tap stream of 
molten metal flows from the BOF converter into the 
ladle; and 

IR imaging the tap stream during said tapping, 
using long IR wavelengths greater than or equal to 
about 8 |xm in order to detect the presence of mol- 
ten slag in the tap stream. 

[001 9] A basic oxygen furnance (BOF) system for use 
in the manufacture of steel, the BOF system compris- 
ing: 

a BOF converter for holding molten steel on top of 
which molten slag floats during certain BOF proce- 
dures, the BOF converter including a taphole 
defined therein for enabling the molten steel to flow 
therefrom; 

a ladle positioned at a vertical elevation below that 
of the BOF converter for receiving molten steel 
which flows from the BOF converter via the taphole; 
an infrared (IR) imaging device for imaging a tap 
stream of molten metal flowing from the taphole in 
the converter into the ladle in order to detect the 
presence of slag in the tap stream; and 
wherein the IR imaging device uses IR wavelengths 
of at least about 8 Jim in order to detect the pres- 



ence of slag in the tap stream. 

[0020] In certain preferred embodiments, the system 
further includes a filter for filtering out substantially all IR 
5 wavelengths less than about 8 \im so that predomi- 
nantly IR wavelengths of at least about 8 \im are used to 
detect slag in the tap stream. 

[0021] This invention further fulfills the above- 
described needs in the art by providing an apparatus for 
10 detecting slag in a molten tap stream flowing from a 
BOF to a ladle during the manufacture of steel, the 
apparatus comprising: 

a BOF for converting molten iron into molten steel, 
15 and means for pouring the molten steel from the 
BOF into the ladle by way of the molten tap stream; 
and 

IR imaging means for imaging the molten tap 
stream in order to determine if molten slag is 
20 present in the tap stream, the IR imaging means 
measuring only emissivity values of molten steel in 
the tap stream less than about 0.25. 

[0022] In preferred embodiments, the IR imaging 
25 means measures emissivity values of the molten steel 
in the tap stream of less than about 0.20. 
[0023] This invention will now be described with 
respect to certain embodiments thereof, accompanied 
by certain illustrations, wherein: 

30 

IN THE DRAWINGS 
[0024] 

35 Figure 1 is a schematic diagram illustrating a BOF- 
to-ladle slag detection system and method for mini- 
mizing slag carryover, according to an embodiment 
of this invention. 

Figure 2 is a perspective, partial cross-sectional, 
40 view illustrating another embodiment of this inven- 
tion similar to the Figure 1 embodiment. 
Figure 3 is an emissivity v. wavelength (jim) graph 
illustrating an emissivity v. wavelength plot of both 
molten slag and molten steel. 
45 Figure 4 is a percentage transmission v. wave- 
length (jLim) plot for the total IR region, illustrating 
how certain airborne gases present in BOF envi- 
ronments absorb particular IR wavelengths, and 
reduce their utility. 
so Figure 5 is a block diagram of an IR camera that 
may be used in certain embodiments of this inven- 
tion. 

DETAILED DESCRIPTION OF CERTAIN EMBQD1- 
55 MENTS OF THIS INVENTION 

[0025] Referring now more particularly to the accom- 
panying drawings in which like reference numerals indi- 
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cate like parts throughout the several views. 
[0026] Figure 1 illustrates a system/method for con- 
trolling and/or minimizing the carryover of molten slag 
into a ladle 7 during the tapping of a BOF converter 3 in 
the manufacture of steel, according to an embodiment 
of this invention. As shown, the system/method includes 
BOF converter 3 which is pivotable about axis 5, ladle 7 
into which the molten metal 9 is poured via converter 
taphole 11, I R camera 13 for monitoring molten tap 
stream 9. and TV monitor 15. In certain embodiments of 
this invention, camera 13 is positioned from about 50- 
150 feet (preferably from about 50 to 100 feet) from tap 
stream 9, so as to obtain a good low temperature back- 
ground relative to the molten tap stream itself, and to 
reduce possibilities of camera damage close to the 
BOF, and to provide ease of service. This location is 
also cleaner than locations near the BOF. 
[0027] BOF converter 3 is first filled with molten iron. 
Thereafter, gaseous oxygen is introduced into converter 
3 in order to drive off impurities. An aperture is provided 
at the top of the converter so as to allow the oxygen to 
be introd uced thereinto. Upon introduction of the oxy- 
gen, the undesirable elements oxidize within converter 
3 and form slag, thereby purifying the hot metal and 
transforming it into molten steel. Because BOF slag has 
a density less than that of the molten steel, the slag 
floats on top of the molten steel within converter 3. 
[0028] After the oxygen gas has been introduced, con- 
verter 3 is pivoted or tipped 4 about fixed axis 5 so that 
a tap stream 9 of molten metal is poured from converter 
3 into ladle 7. When properly pivoted, first steel flows 
out of taphole 1 1 into ladle 7 during tapping because the 
slag layer is positioned above the steel and the taphole. 
Thereafter, as the steel is drained from the converter 3, 
the operator continues to pivot the converter 3 about 
axis 5 until the slag layer reaches the taphole 1 1 . The 
infrared (IR) camera 13 and TV monitor 15 monitor or 
view tap stream 9 between taphole 11 and ladle 7, in 
order to detect when slag begins to enter tap stream 1 1 
and flow into ladle 7 in substantial amounts. 
[0029] Surprisingly, it has been found by the instant 
inventors that, in contrast to the IR wavelengths indi- 
cated by the '506 patent, remarkably improved slag 
detection in tap stream 1 1 results when (i) IR camera 13 
utilizes only wavelengths in the far IR range (e.g. IR 
wavelengths greater than or equal to about 8 |xm), 
and/or (ii) far-IR wavelengths (e.g. greater than or equal 
to about 8 jim) are monitored by camera 1 3 and other IR 
wavelengths are filtered out. Upon analysis, it has been 
found that these longer IR wavelengths (unlike the 
shorter wavelengths) are less susceptible to being 
blocked by airborne dust particles and smoke which are 
prevalent in BOF environments. Still further, as will be 
discussed below, it has been found that the airborne 
gases (e.g. C0 2 and H 2 0) that are commonplace in 
BOF environments absorb or block out near-IR and mid- 
IR wavelengths (e.g. from about 3-8 jim), but do not 
substantially absorb or block these far IR wavelengths 



(i.e. those greater than about 8 urn). Furthermore, these 
longer IR wavelengths work better because at these 
wavelengths the difference in emissivrty between slag 
and steel is greater, resulting in a greater change in 
5 color on the monitor. Also, because the IR camera or 
imager is located at a distance from the BOF, it is not at 
risk of damage close to the BOF and its location allows 
ease of service/maintenance. The instant inventors 
have found that when lower wavelengths are tried in the 
10 BOF, the image on the monitor is unclear and it was d'rf- 
' ficutt to tell the difference between slag and steel in the 
tap stream. 

[0030] Preferably, camera 1 3 is set so as to predomi- 
nantly utilize IR wavelengths of at least about 8 jim (i.e. 

is long wavelengths), and most preferably wavelengths 
from about 8 jim to 12 \xm. The inventors have found 
- that it is much easier to distinguish between slag and 
steel in a BOF tap stream at these longer wavelengths, 
as compared to shorter IR wavelengths, probably 

20 because of the bigger change in the emissivities of mol- 
ten steel and slag at the longer wavelengths as com- 
pared to_ shorter IR wavelengths. When these longer 
wavelengths are used, camera 13 can see the BOF-to- 
ladle tap stream through the airborne smoke, gas, and 

25 dust that usually surrounds the BOF tap stream, 
whereas this cannot be done with shorter wavelengths. 
The slag is detected as a color change on the monitor 
15, so that visual detection by the operator is effective. 
[0031] The instant invention reduces maintenance 

30 costs relative to conventional slag carryover minimizing 
techniques, has improved reliability and efficiency rela- 
tive to these techniques, and improves the manufac- 
turer's control over slag carryover in BOF environments. 
By reducing BOF slag carryover, the following other 

35 advantages are obtained: FeO content in ladle slag is 
reduced, consumption of expensive slag modifiers is 
reduced, phosphorus reversion in the ladle is reduced, 
steel desuffurization in the ladle is improved, steel 
cleanliness is improved, the use of expensive slag 

40 retaining systems (e.g. darts and balls) is reduced, iron 
yield is improved, reliability of slag detection is 
improved, and there is no need to maintain leads and 
detector coils on the BOF itself. 
[0032] Figure 5 is a block diagram of an IR camera 13 

45 that may be used to monitor tap stream 9 in certain 
embodiments of this invention. A preferred camera 13 is 
a Model 760 IR imaging radiometer, available from Infr- . 
ametrics, Inc. Camera 13 may be a self-contained ther- 
mal imaging, archival, and analytical system with an 

so integral color LCD, micro floppy diskette drive and inte- 
grated cooler, which may be used with external monitor 
15. The camera may include a mercury/cadmiumAellu- 
ride detector that is cooled by an integrated cooler to 77 
Kelvin for maximum thermal sensitivity and high spatial 

55 resolution. With regard to the camera's optical path, 
thermal radiation from the tap stream enters an evacu- 
ated scan module through a collimating lens, is 
deflected by horizontal and vertical scan mirrors, and 
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exits through a second window to pass through the 
detector lens on to the detector. As illustrated, camera 
13 includes circuits to process, digitize, and reformat the 
IR signal for display in color or black and white on the 
integrated LCD, and/or external video/TV monitor 15. 
The microprocessor accesses individual picture ele- 
ments, then calculates temperatures using calibration 
tables corresponding to the optical filter/lens combina- 
tion in use. Optical filters 30 in the scanning section 31 
of camera 13 can tailor the spectral response of the 
camera to optimize measurement of BOF tap stream 9. 
In preferred embodiments of this invention, a high pass 
filter at 30 is implemented within camera 13 to absorb or 
block transmission of IR wavelengths of from about 0-8 
jim, thereby enabling camera 13 to monitor the tap 
stream by only using far IR wavelengths greater than or 
equal to about 8 |xm (i.e. the longwave IR region). In cer- 
tain embodiments, the high pass filter allows substantiaT 
transmission of only IR wavelengths of from about 8-14 
Urn, or 8-12 and substantially blocks transmission 
into and/or through the camera's scanner of all other IR 
wavelengths. On the above-referenced preferred cam- 
era, this high pass filter is selected by name in a SETUP 
menu, and inserted automatically Using this filter(s), 
camera 13 responds to the sum of the emitted," 
reflected, and transmitted energies coming from the tap 
stream. This combination of energies is called the 
stream's radiosity. To obtain the stream's temperature, 
the emitted energy is extracted by subtracting the 
reflected and transmitted energies from the incoming 
radiosity. The result is scaled up by the emittance to 
obtain a blackbody equivalent value that may be con- 
verted to temperature by querying a calibration look-up 
table. The resultant temperature of the tap stream, 
showing color (and emissivity) differences between the 
molten steel and slag, is shown on monitor 15. While 
the above-identified IR imaging camera 13 is used in 
certain embodiments of this invention, it will be appreci- 
ated by those of skill in the art that other types of IR 
imaging devices/cameras may instead be used, so long 
as they are capable of using long IR wavelengths to 
detect slag in the tapstream, and preferably are capable 
of filtering out other IR short wavelengths (i.e. microbo- 
lometers). 

[0033] When these selected wavelengths are utilized 
by IR camera 13 to view tap stream 9, the emissivity dif- 
ference between the molten slag and molten steel on 
TV monitor 15 becomes readily apparent. Referring to 
Figure 1 , the molten steel in tap stream 9 appears rather 
dark compared to the molten slag, and when slag 
begins to enter tap stream 9 such slag appears on mon- 
itor 15 as a color (e.g. bright white) which is much differ- 
ent than that of the steel. As shown in the Figure 1 
embodiment, the slag is represented by a white color, 
while the steel by a darkened color. This enables tap- 
ping operators to easily determine when slag has 
entered the tap stream 9 so that an operator(s) can stop 
tapping or pouring when a substantial white coloring 



appears in stream 9 on monitor 15. Thus, when the 
operator looks at monitor 15 and sees that slag is begin- 
ning to dominate tap stream 9, he stops tapping by 
either upwardly tilting converter 3 about axis 5 or closing 
5 taphole 1 1 . In such a manner, excessive slag carryover 
from converter 3 into ladle 7 is avoided. 
[0034] According to certain embodiments of this 
invention, tapping of BOF converter 3 can be automati- 
cally stopped or halted when camera detects a prede- 
10 termined amount of slag in tap stream 1 1 . For example, 
using gray scale comparison ratios, the tapping system 
can be programed to stop (i.e. tilt the converter upward 
or upright) when contrast in the monitored tap stream 
reaches a predetermined level indicating the presence 
is of a predetermined amount of slag in the tap stream. 
According to still further embodiments of this invention, 
the tilting of the BOF converter during tapping can be 
controlled by the amount of slag detected by camera 13 
in the tap stream. For example, at the beginning of tap- 
20 ping, the system can be programmed to tilt the con- 
verter 3 to a degree where less than a predetermined 
amount of slag is being poured from the tap hole 1 1 into 
ladle 7, and the tilt angle of converter 3 can be adjusted 
injaccordance with the program so as to minimize slag 



25 in the tap stream. Then, as set forth above, when a pre- 
determined amount of slag (a predetermined emissivity 
difference) is detected in the tap stream after tapping for 
a predetermined amount of time (i.e. near the end of 
tapping), the system can automatically stop tapping. By 

30 correcting tilt angle of the BOF converter during tap- 
ping, the presence of slag in the stream can be substan- 
tially eliminated until the end of tapping. 
[0035] Figure 2 illustrates an embodiment of this 
invention that is similar to the Figure 1 embodiment, 

35 except that converter 3 and ladle 7 have different struc- 
tural characteristics. Converter 3 still pivots about axis 5 
to pour molten metal stream 9 out of taphole 1 1 . When 
camera 13 detects slag in stream 9, an operator may 
stop tapping as discussed above. Another significant 

40 characteristic regarding the Figure 2 embodiment is the 
presence of circular or rectangular window 21 located 
within camera housing 23. Camera 13 is mounted on 
structure 25 within housing 23, so that the camera views 
tap stream 9 through window 21. In preferred embodi- 

45 ments of this invention, window 21 is transmissive to far 
IR wavelengths (e.g. IR wavelengths greater than about 
8 p,m). In certain embodiments, window 21 is made of 
glass that is substantially transmissive or transparent to 
all or only some IR wavelengths. However, window 21 

so need not be transparent to non-IR wavelengths in cer- 
tain embodiments. 

[0036] In certain embodiments, window 21 is made of 
a substantially transparent monocrystalline material 
including calcium fluoride, this being a non-hidroscopic 
55 window. Such a window is available from Heise's Online 
Thermographic Services (H.O.T.S.), located in 
Knoxville, Tennessee, as its H.VIR Comet window 21. 
This window is about 95+% transmissive of IR wave- 
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lengths and nearly 100% transmissive of visual wave- 
lengths. Also, longwave inspection windows 21 from 
HOTS are also available, such as model no. H.VIR 75 
which is transmissive at least about 95% (e.g. 98%) to 
IR wavelengths of 8-12 urn, such a window having no 5 
UV sensitivity, and a thermal conductivity of about 1 1 .72 
W/mK at 13 degrees C. This type of window may or may. 
not be transmissive to other wavelengths outside of the 
8-12 urn range. Preferably, window 21 has a transmis- 
sion of at least about 95% for IR wavelengths greater 10 
than about 8 urn: - ■ 
[0037] In other embodiments, window 21 may include 
ZnSe, GaAs, Germanium, CdTe, or ZnS, and have sim- 
ilar characteristics to those described above. However, 
coatings may be required on some of these alternative 15 
windows, such as ZnSe inclusive windows. 

[0038] Window -2-1-is-in addition to possible filters 

located within camera 13 which allow an operator to 
selectively determine which wavelengths camera 13 uti- 
lizes. Different materials can be used as window 21 , and 20 
the use of this window instead of a filter is for the protec- 
tio n of the came ra. An important characteristic of the 
window is that it has a high transmittance in the 8-1 2 urn 
range, and thus we. are able to use the IR camera or 
imager with its own 8-1 2 urn filters. 2s 
[0039] Figure 3 is an emissivity v. wavelength graph 
illustrating how the emissivity of both slag and steel vary 
as a function of IR wavelength. As can be seen, when 
only far IR wavelengths (e.g. at least about 8 y.m) are 
utilized to determine if there is slag within a molten steel 30 
tap stream, it is more easily detectable than at other 
wavelengths because of the greater difference between 
the emissivity of steel and slag at these higher wave- 
lengths. 

[0040] Figure 4 is a transmission v. IR wavelength 35 
graph illustrating the extent to which particular gases 
absorb (i.e. prevent transmission) of certain IR wave- 
lengths. For example, it is noted that H 2 0 gas substan- 
tially absorbs a large portion of the wavelengths 
between 5 and 8 jam In a similar manner, it is noted that 40 
H 2 0 and/or C0 2 absorb many wavelengths between 1 
and 5 ym. This graph illustrates that the greatest trans- 
mission through these gases (e.g. C0 2 , 0 3 , H 2 0) takes 
place when wavelengths from about 8-14 urn are uti- 
lized. Because CQ 2 and H 2 0) are gases which fre- 45 
quently exist proximate BO F tap streams, it can be seen 
that the slag and steel in a BOF tap stream can be more 
easily seen/detected using high IR wavelengths (e.g. 
wavelengths of at least about 8 jim). 
[0041] According to alternative embodiments of this so 
invention, the camera and monitor of any embodiment 
discussed herein can be used with an electric furnace in 
the production of steel, instead of in a BOF. Electric fur- 
naces typically are exposed to environments similar to 
those surrounding BOFs, and electric steel-making fur- s$ 
naces have selectively opened/closed bottom output 
ports from which molten steel flows into a ladle located 
below same (i.e. there is no side taphole). In these 



embodiments, camera 13 views/images the molten hot 
metal stream flowing from the furnace's bottom output 
port into the ladle, and detects the. presence of slag 
therein in any manner set forth above. 
[0042] Once given the above disclosure, many other 
features, modifications, and improvements will become 
apparent to the skilled artisan. Such other features, 
modifications, and improvements are therefore consid- 
ered to be a part of this invention, the scope of which is 
to be determined by the following claims. 

Claims 

1. - A method-of detecting slag during tapping of a BOF 

converter in the manufacture of steel, the method 
comprising the steps of : 

providing a BOF converter for housing molten 
metal, with oxygen being introduced into the 
converter in order to form slag within the con- 
verter; 

providing a ladle into which the molten metal 
from the BOF converter flows; 
tapping the BOF converter so that a tap stream 
of the molten metal flows from tfie BOF con- 
verter into the ladle; and 
IR imaging the tap stream during said tapping 
using long IR wavelengths greater than or 
equal to about 8 jim in order to detect the pres- 
ence of molten slag in the tap stream. 

2. The method of claim 1 , further comprising the step 
of stopping tapping of the BOF converter when a 
predetermined amount of slag is detected in the tap 
stream. 

3. The method of claim 1, wherein during said IR . 
imaging, emissivity values of the slag in the molten 
metal tap stream between about 0.7 and 0.9 are 
imaged and output on a monitor, and emissivity val- 
ues of molten steel in the molten metal tap stream 
of less than about 0.25 are imaged and output on 
the monitor. 

4. The method of claim 3, wherein during said IR 
imaging emissivity values of the molten steel in the 
tap stream of less than about 0.20 are imaged and 
output on the monitor in order to indicate when stag 
is present in the tap stream. 

5. The method of claim 1, wherein during said IR 
imaging of the tap stream, only IR wavelengths 
greater than or equal to about 8 ym are imaged and 
output on a corresponding monitor so that an oper- 
ator can tell when slag is present in the tap stream 
by looking at the image on the monitor. 

6. The method of claim 5. further comprising the step 
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of substantially filtering out wavelengths less than 
about 8 jim during said IR imaging so that long IR 
wavelengths are used to detect the presence of 
slag in the tap stream. 

5 

7. The method of claim 6, further comprising the step 
of filtering out all IR wavelengths less than about 8 
jLim during said IR imaging so that image data from 
these filtered out wavelengths is not used to detect 
the presence of slag in the tap stream. 10 

8. A basic oxygen furnace (BOF) system for use in the 
manufacture of steel, the BOF system comprising: 

a BOF converter for holding molten steel and is 
molten slag, the molten slag floating on top of 
the molten steel, said BOF converter including 
a tap hole defined therein for enabling the mol- 
ten steel to flow therefrom; 

a ladle positioned at a vertical elevation below 20 
the BOF converter for receiving molten steel 
which flows from the BOF converter via the tap 
hole in a tap stream; 

an infrared (IR) imaging device for imaging the 
tap stream of molten steel and molten slag 25 
flowing from the tap hole in the converter into 
the ladle in order to detect the presence of slag 
in the tap stream; and 

wherein the IR imaging device uses IR wave- 
lengths of at least about 8 \im in order to detect 30 
the presence of slag in the tap stream. 

9. The system of claim 8, further including a filter for 
filtering out all IR wavelengths less than about 8 pm 

so that predominantly IR wavelengths of at least 35 
about 8 \im are used to detect slag in the tap 
stream. 

1 0. The system of claim 8, further comprising a housing 
within which said IR imaging device is mounted, 40 
said housing and said IR imaging device being 
located from about 50 to 150 feet from the tap 
stream. 

11. The system of claim 10, wherein said housing 45 
includes a housing window which is substantially 
opaque to certain IR wavelengths between 0 and 8 
\im and is substantially transparent to certain IR 
wavelengths greater than bout 8 urn, said IR imag- 
ing device being positioned within said housing so so 
as to view the tap stream through said housing win- 
dow. 

12. The system of claim 8, further including a filter in 
said IR imaging device for filtering out certain IR ss 
wavelengths between about 0 and 8 |im and a win- 
dow in a housing enclosing said IR imaging device 
also for blocking out certain IR wavelengths 



between about 0 and 8 jim, and wherein the imag- 
ing device optically views the tap stream through 
each of said filter and said window. 

13. The system of claim 12, wherein said filter filters 
out, or is opaque to, all IR wavelengths between 
about 0 and 8 \im. 

14. An apparatus for detecting slag in a molten tap 
stream flowing from a basic oxygen furnace (BOF) 
into a ladle during the manufacture of steel, the 
apparatus comprising: 

a basic oxygen furnace (BOF) for converting 
molten iron to molten steel, and for pouring 
said molten steel from the BOF into the ladle in 
the form of the molten tap stream; and 
IR imaging means for imaging said molten tap 
stream in order to determine if slag is present 
in said tap stream, said IR imaging means 
measuring only emissiv'rty values of molten 
steel in said tap stream less than about 0.25. 

15. The apparatus of claim 14, wherein said IR imaging 
means measures emissiv'rty values of the molten 
steel in the tap stream less than about 0.20. 

16. The apparatus of claim 14, further comprising 
means for filtering out emissivity values of the mol- 
ten steel in said tap stream that are greater than 
about 0.25. 

17. The apparatus of claim 16, wherein all molten steel 
emissivity values greater than about 0.25 are fil- 
tered out and are not used to determine whether 
slag is present in said tap stream. 

18. A method of pouring molten metal from a steel- 
making vessel into a ladle during the manufacture 
of steel, the method comprising the steps of: 

providing a steel-making vessel holding a vol- 
ume of molten metal, the molten metal includ- 
ing molten steel and molten slag; 
providing an IR imaging camera for monitoring 
a stream of molten metal flowing from the ves- 
sel into the ladle; 

causing molten metal to flow in the stream out 
of the vessel through a hole defined therein, 
and downward into the ladle; 
monitoring the stream with the IR imaging cam- 
era using IR wavelengths between about 8 and 
14 jim so that emissivity differences in the 
stream between molten steel and molten slag 
are displayed on a corresponding monitor; 
viewing the monitor in order to determine when 
a si&stantia! amount of slag enters the stream; 
and 
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observing a substantial change in color in the 
stream on the monitor which indicates a sub- 
stantial amount of slag in the stream flowing 
from the vessel into the ladle, and the operator 
• in response thereto stopping the pouring of the 
molten metal and minimizing slag carryover 
into the ladle. 

1 9. The method of claim 1 8, wherein the vessel is a one 
of a BOF converter and an electric steel-making fur- 
nace. 

20. A system for determining when molten slag is 
present in substantial amounts in a BOF-to-ladle 
tap stream, the system comprising: 
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the stream including both molten steel and mol- 
ten slag; 

an imaging device for imaging the stream in 
order to detect the presence of slag therein, 
wherein said imaging device uses IR wave- 
lengths of at least about 8 \im in order to detect 
the presence of slag in the stream. 

25. The system of claim 20, wherein said window is at 
least about 98% transmissive to certain IR wave- 
lehgthVgreater than about' 8' urn, and includes one 
of calcium fluoride, ZnSe, ZnS. CdTe, GaAs, and 
germanium. 



-a-BOF having -at-least- one tap hole defined 
therein; 

a ladle located at an elevation below the BOF; 
a housing within which an imaging device is 
positioned, said imaging device for imaging the 
BOF-tp-ladle tap stream in order to determine 
when molten slag is present therein in substan- 

-tialamounts;-and — 

a window defined in said housing, said window 
being at least about 95% transparent to long 
infrared (IR) wavelengths, and wherein said 
imaging device images said tap stream through 
said window. 



21. A steel-making apparatus comprising: 



20 



25 



.30 



a steel-making vessel for holding molten hot 
metal including slag and steel; 
an opening in said vessel for allowing the mol- 
ten hot metal to flow from said vessel down- 
ward into a ladle by way of a stream of the hot 
metal; 

an infrared (IR) imaging device for imaging the 
stream of hot metal flowing between the open- 
ing and the ladle in order to detect the pres- 
ence of slag in the stream; and 
wherein the IR imaging device used IR wave- 
lengths of at least about 8 urn in order to detect 
the presence of slag in the tap stream. 



35 



40 



45 



22. The apparatus of claim 21 , wherein said vessel is a 
BOF and said opening is a tap hole defined in a 
side portion of said BOF 

23. The apparatus of claim 21, wherein said vessel is 
an electric steel-making furnace and wherein said 
opening is defined at a bottom of said furnace. 

24. A system for detecting slag in a stream, the system 
comprising: 



50 



55 



a vessel for pouring a stream of molten metal, 
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